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ABSTRACT 
Department b i o l o g i s t s ,  under  c o n t r a c t  f o r  t h e  S t a t e  Water Resources  
C o n t r o l  Board,  conducted a s u r v e y  of t h e  marine  environmerlt i n  t h e  
v i c i n i t y  of two o i l  f i e l d  b r i n e  d i s c h a r g e s  a t  Hunt ing ton  Beach. 
Survey p r o c e d u r e s  i n c l u d e d  b e n t h i c  g r a b s ,  d i v e r  o b s e r v a t i o n s ,  
bottom t r a w l s  and measurements of w a t e r  t e m p e r a t u r e  and d i s s o l v e d  
oxygen c o n c e n t r a t i o n s .  A s t r a t i f i e d  random sampl ing  p l a n  was used 
t o  l o c a t e  t h e  1 2  s t a t i o n  a r e a s  su rveyed .  Water d e p t h  ranged from 
9 t o  1 5  m (30 t o  50 f t ) .  The r e s u l t s  of t h i s  su rvey  do n o t  i n d i -  
d a t e  t h a t  t h e  d i s c h a r g e s  a r e  h a v i n g  an  e f f e c t  on t h e  b e n t h i c  
p o p u l a t i o n s  sampled. It i s  concluded t h a t  t h e  scope  of t h e  s u r v e y  
was n o t  s u f f i c i e n t  t o  c o n c l u s i v e l y  e v a l u a t e  t h e  e f f e c t s  of t h e  two 
d i s c h a r g e s .  Recommendations a r e  made f o r  a d d i t i o n a l  s u r v e y s  t o  
i n c l u d e  i n t e n s i v e  sampl ing of p o p u l a t i o n s  a t  t h e  d i s c h a r g e  d e p t h  
and shoreward over  a n  ex tended  p e r i o d  of t i m e ,  r a t h e r  t h a n  a  su rvey  
of t h e  t y p e  conducted o v e r  a  s i n g l e  p e r i o d  of t ime .  
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Region; 350 Golden Shore ,  Long Beach, C a l i f o r n i a  90802 
The C a l i f o r n i a  Department of F i s h  and Game and ' S t a t e  Water 
Resources  C o n t r o l  Board ( t h r o u g h  t h e  C a l i f o r n i a  Kegconal Water Q u a l i t y  
C o n t r o l  Board, S a n t a  Ana Region) e n t e r e d  i n t o  a n  agreement whereby Depart-  
ment b i o l o g i s t - d i v e r s  conducted a  s u b t i d a l  e c o l o g i c a l  i n v e s t i g a t i o n  of t h e  
mar ine  environment  i n  t h e  v i c i n i t y  of t h e  o i l  f i e l d  b r i n e  d i s c h a r g e s  a t  
Hunt ing ton  Beach. The o b j e c t i v e  of t h e  s t u d y  was t o  p r o v i d e  t h e  Regional  
Water Q u a l i t y  C o n t r o l  Board w i t h  d a t a  t o  a s s i s t  them t o  e v a l u a t e  t h e  
e f f e c t s  o f  t h e  d i s c h a r g e  on t h e  mar ine  environment .  
The d e t e r m i n a t i o n s  made by b i o l o g i s t - d i v e r s  included.:  ( i )  t h e  number 
and d i v e r s i t y  of t h e  p l a n t  and an imal  L i f e ;  ( i i )  s u b s t r a t e  c h a r a c t e r i s t i c s ;  
and ( i i i )  p h y s i c a l  p a r a m e t e r s ,  i n c l u d i n g  w a t e r  t e m p e r a t u r e  and c l a r i t y ,  
and d i s s o l v e d  oxygen l e v e l s .  A d d i t i o n a l l y ,  b e n t h i c  samples  were  o b t a i n e d  
b o t h  by t h e  d i v e r s  and by Ponar  grSb a t  each  s t a t i o n ,  and bot tom t r a w l s  
were  t a k e n  where c o n d i t i o n s  p e r m i t t e d .  
The S t a t e  Water Resources  Control .  Board re imbursed  t h e  Department 
f o r  p a r t  of t h e  expenses  i n c u r r e d  d u r i n g . t h i s  s t u d y .  
Area D e s c r i p t i o n  
The a r e a  a t  Hunt ing ton  Beach is  a n  open c o a s t  sand  beach w i t h  a 
g e n t l y  s l o p i n g  beach  p r o f i l e .  The s u b t i d a l  a r e a s  a r e  p r e d o m i n a t e l y  sand 
w i t h  a few s c a t t e r e d  a r e a s  of c o b b l e  and s m a l l  b o u l d e r s .  The two o i l  
f i e l d  b r i n e  d i s c h a r g e s  a r e  approx imate ly  2.2 and 3 . 3  km (1.2 and 1.8 
m i l e s )  r e s p e c t i v e l y  upcoas t  from Hunt ing ton  Beach p i e r  ( F i g u r e  1 ) .  The 
d i s c h a r g e  p i p e s  e x t e n d  about  305 m (1090 f t )  o f f s h o r e  from t h e  h i g h  t i d e  
l i n e  and t e r m i n a t e  i n  d e p t h s  of 3.7 t o  4.5 m (12 t o  1 5  f t ) .  Water con- 
d i t i o n s  a r e  normal ly  t u r b u l e n t  a t  t h i s  d e p t h  due t o  wave a c t i o n ,  t h u s  
d i l u t i o n  and mixing of t h e  d i s c h a r g e d  w a s t e  is  p r o b a b l y  r a p i d .  
METHODS 
The survey  was based on  a s t r a t i f i e d  random sampling p l a n  w i t h  4  s trata.  
Two r e c t a n g u l a r  a r e a s  1 , 1 4 3  x 914 m (1 ,250  x  1 ,000  yds)  were  d e l i n e a t e d  
a b o u t  t h e  two d i s c h a r g e  p o i n t s  and t h e s e  were  e n c l o s e d  by 2  "L" shaped 
a r e a s  2,057 x  1,829 m (2 ,250  x 2,000 y d s )  ( F i g u r e  1 ) .  Each of t h e  f o u r  
s t r a t a  were  subd iv ided  i n t o  114 x 114 m (125 x  125 y d s )  s q u a r e s  and num- 
b e r e d  c o n s e c u t i v e l y .  T h r e e  s t a t i o n s  were  t h e n  s e l e c t e d  from e a c h  s t r a t u m  
by t h e  u s e  of a  t a b l e  of Random Numbers. The r e s u l t i n g  1 2  si tes were  
sampled on November 8-11, 1.971 by b i o l o g i s t s  from t h e  Depar tment ' s  28 m 
(92 f t )  r e s e a r c h  v e s s e l  "KELP BASS". S t a t i o n s  were  l o c a t e d  u t i l i z i n g  
i n f o r m a t i o n  from b o t h  r a d a r  and f a t h o m e t e r .  
Each sampling s i t e  was marked w i t h  a n  anchor  and buoy, and t h e  v e s s e l  
. was anchored a t  t h e  s i te .  The s t a t i o n  was t h e n  sampled,  from t h e  s u r f a c e ,  
2  2 
u t i l i z i n g  a  1 / 2 0  m (78 i n c h e s  ) Ponar  g r a b ,  and surveyed by b i o l o g i s t -  
d i v e r s  equipped w i t h  a f u l l  f a c e  mask w i t h  s u r f a c e  a i r  supp ly  and d i v e r -  
t o - s u r f a c e  comm~inicat ions  . 
B e n t h i c  sampl ing si tes on sand  bo t toms  were  d e f i n e d  by a t t a c h i n g  
a 3 . 1  m (10.2  f t )  l i n e  t o  t h e  s t a t i o n  marker and i n s c r i b i n g  a n  a r c  encom- 
2  p a s s i n g  approx imate ly  30 m2 (323 f t  ) B i o l o g i s t - d i v e r s  i d e n t i f i e d  and 
enumerated a l l  macroscopic  p l a n t s  and a n i m a l s  w i t h i n  t h e  a r c s .  
V i s i b i l i t y  e s t i m a t e s  were  t a k e n  by d i v e r s  a t  3  m (10 f t )  i n t e r v a l s  
from t h e  s u r f a c e  t o  t h e  bo t tom a t  e a c h  s t a t i o n .  Water t e m p e r a t u r e  and 
d i s s o l v e d  oxygen l e v e l s  were  o b t a i n e d  by u s i n g  a Martek Model DOA i n  s i t u  
d i s s o l v e d  oxygen moni to r .  
Genera l  bot tom c o n d i t i o n s  n o t e d  i n c l u d e d  s u b s t r a t e  d e s c r i p t i o n ;  
h e i g h t ,  p e r i o d  .and d i r e c t i o n  of r i p p l e  marks;  and t h e  p r e s e n c e  o f  sus-  
pended o r g a n i c  m a t e r i a l  ( l e p t o p e l )  i n  t h e  w a t e r  column and on t h e  bottom. 
The b e n t h i c  samples  c o l l e c t e d  by t h e  d i v e r s  and t h e  Ponar  g r a b  
samples  were  s i f t e d  th rough  a 0.5.mm s c r e c n ,  and p r e s e r v e d ' i n  50% 

i s o p r o p y l  a l c o h o l  p r i o r  t o  s o r t i n g .  A l l  s o r t i n g  and i d e n t i f i c a t i o n  was 
performed i n  , t h e  l a b o r a t o r y  under  d i s s e c t i n g  micl-oscopes.  
Trawling was done a t  each  s t a t i o n  where bot tom condi - t ions  p e r m i t t e d  
u s i n g  a  16 f t  semi  b a l l o o n  t r a w l  n e t .  A l l  f i s h e s  were b rought  t o  t h e  
l a b o r a t o r y  f o r  measurements and i n v e r t e b r a t e s  caught  i n  t h e  t r a w l  were  
r e t a i n e d  f o r  p o s i t i v e  i d e n t i f i c a t i o n  and enumerat ion.  
The s u b s t r a t e  a t  S t a t i o n  5 was i n t e r s p e r s e d  c o b b l e  and sand w i t h  
o c c a s i o n a l  s m a l l  b o u l d e r s .  The remainder  of t h e  s t a t i o n s  were  e n t i r e l y  
sand s u b s t r a t e  (Tab le  1 ) .  Ccres  t a k e n  a t  each s t a t i o n  g e n e r a l l y ,  r e v e a l e d  
a  1 .27  t o  7.6 cm (112 t o  3  i n c h )  l a y e r  of  l i g h t  grey-brown sand o v e r l y i n g  
g rey  t o  b l a c k  sand.  The b l a c k  sand p o r t i o n s  had a  s l i g h t  H S  odor  a t  2 
most s t a t i o n s .  The c o r e  t a k e n  a t  S t a t i o n  6  r e v e a l e d  g rey  sand w i t h  s h e l l  
d e b r i s  under  a  1 i n c h  l a y e r  of sznd.  No H S  odor was n o t e d  i n  t h i s  s a ~ n p l e .  2  
Water d e p t h  a t  t h e  s t a t i o n s  ranged from 9 . 1  t o  15.2  m (30 t o  50 f t ) .  
There  was no t h e r m o c l i n e  developed i n  t h e  w a t e r  colunln. S u r f a c e  w a t e r  
t e m p e r a t u r e  averaged about  16C (61F) and bot tom t e m p e r a t u r e s  were g e n e r a l l y  
lower by abou t  1 C  (1 .8F) .  Disso lved  oxygen l e v e l s  ranged from 7.8 ppm 
t o  10.0  ppm a n d , w e r e  g e n e r a l l y  h i g h e s t  a t  3  t o  9 m (10 t o  30 f t )  d e p t h s .  
S u r f a c e  w a t e r  v i s i b i l i t y  ranged from 1 . 5  t o  6 . 1  m (5 t o  20 f t )  w h i l e  
v i s i b i l i t y  on t h e  bottom ranged from O t o  6 . 1  nl ( 0  t o  20 i t ) .  The p o o r e s t  
w a t e r  c l a r i t y  was encounte red  on February  11 ( S t a t i o n s  1, 11 and 12)  and 
was due t o  l o n g  p e r i o d  s w e l l s  c r e a t i n g  a  s t r o n g  bot tom s u r g e .  
B i o l o g i c a l  
The r e s u l t s  from t h e  d i v i n g  o b s e r v a t i o n s  and Eonar g rab  samples  in -  
d i c a t e  normal d i v e r s i t y  and abundance of b e n t h i c  an imals  f o r  t h e  h a b i t a t  
t y p e s  sampled. The h i g h e s t  an imal  d i v e r s i t y  was found e x p e c t e d l y  a t  t h e  
one s t a t i o n  which i n c l u d e d  some r o c k  s u b s t r a t e  ( S t a t i o n  5 ) .  The most 
commonly observed  m a c r o i n v e r t e b r a t e s  were  s e a  p a n s i e s  (Reni l la  k o l l i k e r i ) ,  
t u b e  worms (Diopatra ornata),  and o l i v e  s n a i l s  (OZiueZZa bae t ica) .  The 
most abundant  m i c r o i n v e r t e b r a t e s  found i n  t h e  g r a b  samples  c o n s i s t e d  of 
s e v e r a l  f a m i l i e s  of p o l y c h a e t e  a n n e l i d  worms, c r u s t a c e a n s  and m o l l u s c s  
(Tab le  2 ) .  
A t o t a l  of 1789 f i s h  r e p r e s e n t i n g  33 s p e c i e s  was i n c l u d e d  i n  t h e  t r a w l  
c a t c h e s  ( T a b l e  3 ) .  There  was no a p p a r e n t  r e l a t i o n s h i p  between t h e  numbers 
of f i s h ,  d e p t h  o r  p r o x i m i t y  t o  t h e  d i s c h a r g e s .  These f i s h  s p e c i e s  a r e  
common o f f  s o u t h e r n  C a l i f o r n i a  and are t y p i c a l l y  found i n  o t h e r  t r a w l  
c a t c h e s  from t h i s  a r e a .  Most abundant  i n  t h e  c a t c h  were w h i t e  c r o a k e r  
Genyonemus l i nea tu s ) ,  q u e e n f i s h  (Seriphus po l i t u s ) ,  w a l l e y e  s u r f p e r c h  
(Hyperprosopon argenteum), w h i t e  p e r c h  (Pharzerodon furcatus)  and s p e c k l e d  
. sanddab (Citharichthys stigrnaeus). 
DISCUSSION 
Although d i v e r  o b s e r v a t i o n s ,  b e n t h i c  g r a b s ,  and bot tom t r a w l s  d i d  n o t  
i n d i c a t e  t h a t  t h e  d i s c h a r g e s  a r d  hav ing  an  e f f e c t  on t h e  p o p u l a t i o n s  
sampled, i t  cannot  be  assumed t h a t  t h e  d i s c h a r g e s  a r e  h a v i n g  no e f f e c t  on 
t h e  m a r i n e  environment .  
Open c o a s t  sand  environments  t y p i c a l l y  have a  low d e n s i t y  and d i v e r s i t y  
of b e n t h i c  an imals .  T h i s  i s  due i n  p a r t  t o  t h e  i n s t a b i l i t y  o f  t h e  s o f t  sub- 
s t r a t e  and t h e  v i o l e n t  a c t i o n  of t h e  s u r f .  Sur f  c o n d i t i o n s  o f f  Hunt ing ton  
Beach p r e v e n t e d  a b e n t h i c  and t r a w l  su rvey  a t  t h e  d i s c h a r g e  d e p t h s  (3 .7  and 
4.5 m) where t h e  impact  f rom t h e  d i s c h a r g e s  would be  g r e a t e s t .  
F u t u r e  s u r v e y s  t o  a s s e s s  t h e  e f f e c t s  of t h e s e  two b r i n e  d i s c h a r g e s  
shou ld  i n c o r p o r a t e  sampl ing a t  t h e  d i s c h a r g e  d e p t h s  and shoreward i n  t h e  
immediate a r e a  of t h e  d i s c h a r g e s  a s  w e l l  a s  i n  c o n t i g u o u s  a r e a s .  Impor tan t  
c o n s t i t u e n t s  o f , t h e  open c o a s t  sand  beach community t h a t  s h o u l d  b e  moni to red  
i n c l u d e ,  b u t  a r e  n o t  l i m i t e d  t o ,  t h e  Pismo clam (Tivela s t u Z t o m ) ,  bean 
clam (Gonax gouldi i ) ,  sand  c r a b  Bnerita analogs), sand d o l l a r  (Dendraster 
excentricus), s e a  p a n s i e s ,  g r u n i o n  (Leuresthes t enu i s ) ,  s u r f p e r c h  (fam. 
Embiotocidae) and c r o a k e r s  (fam. S c i a e n i d a e ) .  F u t u r e  s t u d i e s  shou ld  b e  
made o v e r  a l o n g  enough p e r i o d  o f  t ime  s o  t h a t  t r e n d s  i n  abundance can be  
c o r r e l a t e d  w i t h  s e a s o n s ,  w a t e r  c o n d i t i o n s ,  and d i s c h a r g e  c h a r a c t e r i s t i c s .  
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TABLE 1.  Phys i ca l  d a t a  f o r  s t a t i o n s  occupied dur ing  a  survey of t h e  
marine environment near  two b r i n e  d i scha rges  a t  Huntington 
Beach, November 8 ,  1971 
Depth Temperature Oxygen V i s i b i l i t y  Bottom 
S t a t i o n  Date ( f t )  (Oc> ( P P ~  ( f t )  Desc r ip t ion  
1 11-11-71 SS 16.0 8.8 6 A l l  sand bottom. 
10 15.7 8.4 6 No c o r e  taken .  
20 15.4 8 . 3  6 Yellow water  a t  
3  !? 15.4 8.4 0 15 f t .  
36 15.4 0 
A l l  sand bottom; 
r i p p l e  marks NW- 
SE, 3 inch  pe r iod ,  
1 /2  inch  h e i g h t ;  , 
co re  9.5 i nches ;  
top  1 inch  brown 
sand wi th  mica, 8 . 5  
i nches  course  grey-' 
b l ack  sand wi th  
s l i g h t  H2S odor.  
A l l  sand bottom; 
r i p p l e  marks NW- 
SE, 4-5 inch  pe r iod ,  
1/4 inch  h e i g h t ;  
co re  7 i nches ;  top 
1 inch  dark  brown 
sand wi th  mica; 
6  inches  grey-black 
sand wi th  s l i g h t  
H2S odor.  
A l l  sand bottom; 
r i p p l e  marks N-S, 
5 inch  pe r iod ,  1  
inch  he igh t ;  c o r e  
9 inches ;  top 1 
inch  l i g h t  grey- 
brown sand, 8  inches  
da rk  grey and b l ack  
sand wi th  s l i g h t  
H2S odor.  
2  0 I n t e r s p e r s e d  cobble 
20 and sand w i t h  
20 occas iona l  smal l  
15 boulders ;  r i p p l e s  
15 NW-SE, 6 inch  per iod  
1 /2  inch  h e i g h t ;  
c o r e  8 inches ;  top  
3 inches  f i n e  brown 
sand, 5  inches  f i n e  
b l ack  sand wi th  
s l i g h t  H S odor.  2  
TABLE 1. Continued 
Depth Temperature  ' Oxygen V i s i b i l i t y  Bottom 
S t a t i o n  Date  ( f t )  (Oc > (PW) ( f t )  D e s c r i p t i o n  
6  11-9-71 SS 16.2 9 . 0  5  A l l  sand bot tom;  
10 16.0  9 . 4  5  r i p p l e  rnarks NW- 
2 0  15.9  9 . 3  5  SE, 24 i n c h  p e r i o d  
3  0 15 .8  9.2 5  6  i n c h  h e i g h t ;  
c o r e  6  i n c h e s ,  t o p  
1 i n c h  f i n e  grey'  
sand and c l a y ;  4 
i n c h e s  c o a r s e  g r e y  
sand w i t h  s h e l l  
d e b r i s ;  no H2S 
odor .  
Clay b e n e a t h  sand.  
A l l  sand bottom; 
r i p p l e  marks NW- 
SE, 5  i n c h  p e r i o d ,  
112 i n c h  h e i g h t  
c o r e  7  i n c h e s ,  t o p  
1 i n c h  f i n e  ,bro\m 
sand,  6 i n c h e s  
f i n e  g r e y  sand 
g r a d u a l l y  becornm- 
i n g  b l a c k  a t  lower  
p a r t  of c o r e ,  H2S 
Black s l u d g e  no ted  
f l o a t i n g  on s u r f a c e .  
Yellow w a t e r  a t  
15 f t .  Bottom a l l  
sand ;  r i p p l e  marks 
NW-SE, 5  i n c h  
p e r i o d ,  1 i n c h  
h e i g h t  c o r e  8 i n c h e s ,  
t o p  1 i n c h  f i n e  brown 
sand ;  7  i n c h e s  grey- 
brown sand g r a d u a l l y  
becomming b l a c k  a t  
end of c o r e ;  H2S 
odor i n  b l a c k  sand .  
A l l  sand bot tom;  
r i p p l e  marks PTJ-SE 
4 i n c h  p e r i o d ,  112 
i n c h  h e i g h t ;  c o r e  
6  112 . i n c h e s ;  112 
i n c h  f i n e  brown 
sand ,  6  i n c h e s  brown 
sand g r a d u a l l y  be- 
cornming b l a c k  a t  end 
of c o r e ;  B S odor  2  p r e s e n t  i n  b l a c k  sand 
TABLE 1.  Continued 
Depth Temperature Oxygen V i s i b i l i t y  Bottom 
S t a t i o n  Date ( f t )  (Oc) ( P P ~  ( f t )  Desc r ip t ion  
5 A l l  sand bottom; 
5 f i n e  sand i n  
5 suspension from 
5 heavy su rge ;  c o r e  
0 5 112 inches ,  top 
1 112 inches  f i n e  
grey-brown sand, 
4 i nches  f i n e  grey- 
b l ack  t o  b lack  sand 
w i t h  s t r o n g  H S odor 2 
5 Sand s h i f t i n g  wi th  
su rge .  Yellowish 
5 water '  a t  15 f t .  A l l  
5  sand bottom; r i p p l e  
1 marks NW-SE, 3 inch  
p e r i o d ,  114 inch  
h e i g h t  core  6 112 
inches ,  top  1 112 
inches  grey-brown 
sand; 5  inches  
b l a c k  sand wi th  . 
H2S odor.  

TABLE 2. Continued 
S t a t i o n  and Abundance* 
S c i e n t i f i c  name 1 2 3 4 5 6 7 8 9 10 11 12 Remarks 
Spionidae  ' (7) (2) (1) (4) ( 7 )  (3) (4) (3) (14) 
Magelonidae (1) (1) 
C i r r a t u l i d a e  (3) (2) (1) (1) 
C a p i t e l l i d a e  
Maldanidae 
P e c t i n a r i i d a e  (1) (3) (2) (1) (2) 
Ampharetidae (2) 
T e r e b e l l i d a e  (2) 
S a b e l l i d a e  
Polychaete  (unid.) 
SIPUNCULIDA (2) (1) (1) 
ART~~ROPODA 
BaZanus sp .  
Ostracoda (6) 
Cumacea (8) (1) 
Gammar i d e a  (10) (3) 
Edotea subZittoraZis (2) (8) (1) 
' Pagurus sp .  
~ a ~ & i s t e s  bakeri . 1 
Pagur idae  
Cancer antlwnii 
Cancer graciZis (1) 
Loxory nc hus crispatus 1 
Sand t u b e s  
S t a t i o n  2 b a r n a c l e s  on  back of 
Cancer graci Zis 

TABLE 2.  Continued 
S t a t i o n  and Abundance* 
S c i e n t i f i c  name 1 2 3 4 5 6 7 8 9 10 11 1 2  Remarks 
OphiodermelZa ophioderma 
P e c t i n i d a e  
Pelecypoda (unid .) 
S e ~ r i p e s  s p .  
Solen s p .  
Sphisula pZanuZata ( 2 )  
Tagelus s p .  ( 1 )  
TeZlina idae 
TeZlina modesta (16)  ( 6 )  
TelZina sp .  
T e l l i n i d a e  
Terebra pedroana ( 1 )  
TurboniZla s p .  
VolvuteZZa s p .  
ECTOPROCTA - 
ECHINODERMATA 
Amphiodia sp .  ( 4 )  ( 1 )  
As tropect in v e r r i  Z Z i  
Echinoidea (unid  .) 
Parastichopus s p .  
Pateria miniata 
Pisas t e r  brevispinus 
Strongg locentrotus sp .  
ASCIDIACEA (unid.  ) ( 1 )  












